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(57) ABSTRACT

A modular engine family comprises an engine block assem-
bly having an upper end extending at an angle a from a rear of
the engine block assembly to a front thereof. An engine block
closes the upper end and defines a crankcase comprising a
crankshaft having three journals supported by journal bear-
ings for rotation therein. First and second piston pins and
associated first and second piston/rod assemblies are dis-
posed in piston cylinders of a first cylinder housing assembly
wherein the first and second piston pins are located in the
same radial position on the crankshaft and are spaced longi-
tudinally to define a firing interval of 360 degrees. A cylinder
head is configured to close open ends of the piston cylinders
to thereby define combustion chambers with the first and
second pistons; the cylinder housing assembly reclined from
vertical towards the rear of the engine block by an angle f3.

20 Claims, 5 Drawing Sheets
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1
INTERNAL COMBUSTION ENGINE

CROSS-REFERENCES TO RELATED
APPLICATIONS

This patent application claims priority to U.S. Provisional
Patent Application Ser. No. 61/295,257 filed Jan. 15, 2010
which is hereby incorporated herein by reference in its
entirety.

FIELD OF THE INVENTION

Exemplary embodiments ofthe invention relate to modular
engine designs and, more specifically, to an inline 2-cylinder
engine and related V-configured 3-cylinder engine.

BACKGROUND

Environmental sustainability, increasing global energy
demands and the resulting rise in fuel cost and relatively new
demand in developing economies for independent but less
costly transportation is driving vehicle and powertrain
designers towards smaller and more fuel efficient vehicles. It
is not uncommon to find inline 3 and 4 cylinder engines
powering many medium to small sized vehicles. However,
these engines are length constrained by their inline cylinder
configurations which operate to define the minimum vehicle
architectural space in which they may be packaged. Narrow
angle V-configured engines offer some additional packaging
advantages by staggering pistons in offset banks, offering
additional pistons and resulting power, without unnecessarily
increasing the length of the engine package. However, engine
height may suffer in such engines due to the use of a single
cylinder head having a height beyond that required for an
inline engine.

SUMMARY OF THE INVENTION

In an exemplary embodiment, a common family internal
combustion engine, comprises an engine block assembly hav-
ing a lower end closed by an oil pan and an upper end extend-
ing at an angle a from a rear of the engine block assembly to
a front thereof, an engine block closing the upper end and
defining a crankcase that is configured to house a crankshaft
for rotation therein. The crankshaft further comprises three
crankshaft journals supported by journal bearings for rotation
within the crankcase. First and second piston pins and asso-
ciated first and second piston/rod assemblies are disposed in
piston cylinders of a first cylinder housing assembly wherein
the first and second piston pins are spaced longitudinally. A
cylinder head is configured to close open ends of the piston
cylinders to thereby define combustion chambers with the
first and second pistons, the cylinder housing assembly
reclined from vertical towards the rear of the engine block by
an angle f3.

The above features and advantages, and other features and
advantages of the invention are readily apparent from the
following detailed description of the invention when taken in
connection with the accompanying drawings.

DESCRIPTION OF THE DRAWINGS

Other objects, features, advantages and details appear, by
way of example only, in the following detailed description of
the embodiments, the detailed description referring to the
drawings in which:
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FIG. 1 is a side view of an inline 2-cylinder engine
embodying features of the invention;

FIG. 2 is side view of a V-configured 3-cylinder engine
embodying features of the invention;

FIG. 3 is aschematic view of the inline 2-cylinder engine of
FIG. 1,

FIG. 4 is a schematic view of a crankshaft of the inline
2-cylinder engine of FIG. 1;

FIG. 5 is a schematic view of the V-configured 3-cylinder
engine of FIG. 2;

FIG. 6 is a schematic view of a crankshaft of the V-config-
ured 3-cylinder engine of FIG. 2; and

FIG. 7 is a rear perspective view of the V-configured 3-cyl-
inder engine of FIG. 2.

DESCRIPTION OF THE EMBODIMENTS

The following description is merely exemplary in nature
and is not intended to limit the present disclosure, its appli-
cation or uses. It should be understood that throughout the
drawings, corresponding reference numerals indicate like or
corresponding parts and features.

Referring to FIGS. 1 and 2, in an exemplary embodiment
there is shown a family of internal combustion engines that
include an inline configured 2-cylinder engine 2, FIG. 1, and
a V-configured 3-cylinder engine 3, FIG. 2. In the various
figures, like features that are shared between the inline 2-cyl-
inder engine 2 and the V-configured 3-cylinder engine 3 have
like numbers assigned thereto. The engines 2 and 3 include
engine block assemblies 12 having an open lower portion or
rim 14 that is closed by an oil reservoir or pan 16. The upper
ends 18 of the engine block assemblies 12 extend at an angle
“o” from the rear 20 of the engines 2, 3 to the front 22 of the
engines and are closed by an engine block 24. It is contem-
plated that the angle a may be in a range of about 45° , but it
is also contemplated the angle a may vary in a range of about
0° to about 45° depending upon the particular vehicle con-
figuration and other application driven variables. The combi-
nation of the engine block assembly_12, the oil pan 16 and the
engine block 24 defines a crankcase 26 that houses and sup-
ports crankshafts 28 A or 28 B (28 A =2- cylinder engine 2 and
28B =3-cylinder engine 3) and balance shafts 27 and 29,
FIGS. 3 and 5, for rotation therein. The crankshafts 28A or
28B are coupled by a belt, chain or gear drive to rotatably
operate a camshaft 33, FIG. 7.

As illustrated in FIGS. 1, 3 and 4, in an exemplary embodi-
ment, the inline configured 2 cylinder engine 2 comprises a
crankshaft 28A that includes a crank snout 30 at a first end.
The crank snout 30 extends outwardly of the front of the
engine block assembly 12 and may support a crankshaft pul-
ley 34 thereon. Three crankshaft journals 36, 38, and 40 are
supported by journal bearings 42, 44 and 46 to thereby allow
the crankshaft 28A to rotate freely within the crankcase 26.
Two piston pins 48 and 50 support associated first and second
piston/rod assemblies 52 and 54 in first and second cylinders
56 and 58, respectively. As the crankshaft 28A rotates, the
piston/rod assemblies 52, 54 reciprocate within the cylinders
56, 58 in a known manner. In the exemplary embodiment
shown in FIGS. 3 and 4, the piston pins 48 and 50 are located
in radially the same location in a longitudinally spaced rela-
tionship along the crankshaft 28 A to allow for a firing interval
0f'360 degrees (4-stroke engine). Flywheel 60 is disposed at
asecond end 62 of the crankshaft 28 A and may be configured
to engage an associated transmission assembly (not shown) as
well as other related engine assemblies as may be required
(ex. a starter motor, for instance). Gear driven balance shafts
27 and 29 may be located for rotation within the crankcase 26
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and operate to reduce vibration caused by natural imbalances
in the 2 cylinder inline design. Referring again to FIG. 1, inan
exemplary embodiment the engine cylinders 56 and 58 are
disposed within a first cylinder housing assembly 72 of
engine block 24 for reciprocation therein. Closing the upper
end of the first cylinder housing assembly 72 is a first cylinder
head 78 that closes the open ends of the first and second piston
cylinders 56 and 58, FIG. 3, and defines combustion cham-
bers (not shown) with the first and second piston/rod assem-
blies 52, and 54.

In an exemplary embodiment, an intake assembly 80 is
configured to conduct combustion air to intake ports (not
shown) of the cylinders 56 and 58 for mixture and combustion
with injected fuel (not shown). The intake assembly 80 com-
prises an intake manifold 82 having an inlet runner 84 for
receiving metered combustion air through a throttle body 86.
The inlet runner 84 fluidly connects with, and delivers com-
bustion air to, a central plenum 88 of the intake manifold 82
where the combustion air is distributed to intake runners 90
that are fluidly connected to the combustion chambers of each
cylinder 56 and 58. The combustion air enters each cylinder,
is mixed with fuel injected from fuel injectors 92 connected to
a fuel system (not shown) and is combusted therein.

In an exemplary embodiment, an exhaust manifold 94 is
also fluidly connected with the cylinder head 78 and is con-
figured to remove combustion by-products from the combus-
tion chambers. The combustion by-products flow through an
exhaust system conduit 96 that is configured to receive the
combustion by-products from the exhaust manifold 94 and to
transfer the combustion by-products to various exhaust gas
after treatment devices, such as the close-coupled catalytic
converter 98, for oxidation, reduction or other conversion of
regulated exhaust gas constituents of the combustion by-
products prior to their release to the atmosphere.

Referring to FIGS. 2 and 5-7, in an exemplary embodiment
the V-configured 3-cylinder engine 3 includes the engine
block assembly 12 having an open lower portion or rim 14
that is closed by an oil reservoir or oil pan 16. The upper end
18 of the engine block assembly 12 extends at an angle “a”
from the rear of the engine 20 to the front of the engine 22 and
is closed by an engine block 24. It is contemplated that the
angle oo may be in a range of about 45°, but it is also contem-
plated the angle o may vary in a range of about 0° to about 45°
depending upon the particular vehicle configuration and other
application driven variables. The combination of the engine
block assembly 12, the oil pan 16 and the engine block 24
define a crankcase 26 that houses and supports a crankshaft
28B, FIGS. 5 and 6 A balance shaft 27 may be located within
the crankcase 26 for rotation therein. The crankshaft 28B is
coupled by a belt, chain or gear drive to rotatably operate a
camshaft 33. The camshaft acts upon pushrods 32 that extend
into cylinder heads 78 and 120 for operation of valve gear (not
shown) disposed therein.

As illustrated in FIG. 6, in an exemplary embodiment, the
crankshaft 28B comprises a crank snout 30 at a first end. The
crank snout 30 extends outwardly of the front of the engine
block assembly 12 and supports a crankshaft pulley 34, FI1G.
2, thereon. Three crankshaft journals 36, 38, and 40 are sup-
ported by journal bearings 42, 44 and 46 to thereby allow the
crankshaft 28B to rotate freely within the crankcase 26. Three
piston pins 100, 102 and 104 support associated piston/rod
assemblies 106, 108 and 110 in cylinders 112,114 and 116. In
the exemplary embodiment shown, piston pins 102 and 104
are disposed closely adjacent to one another and between
crankshaftjournals 38 and 40. This configuration differs from
most inline 3-cylinder engines which typically require four
crankshaft journals that add to the length of the engine pack-
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age, add friction and increase oil delivery requirements. As
the crankshaft 28B rotates, the pistons reciprocate within the
cylinders in a known manner. In the embodiment shown in
FIGS. 5 and 6, the first and second piston pins 102, 104 for
piston/rod assemblies 114 and 116 may be located in radially
the same location in a longitudinally spaced relationship
along the crankshaft 28B. The third piston pin 100 may be
located at about 180 degrees radially from the first and second
piston pins 102 and 104 allowing for an overall firing interval
01240 degrees (4-stroke engine). Otherradial spacings are, of
course, contemplated while not deviating from the scope of
the invention. Flywheel 60 is disposed at a second end 62 of
the crankshaft 28B and may be configured to engage an
associated transmission assembly (not shown) as well as
other related engine assemblies as may be required (ex. a
starter motor, for instance). A gear driven balance shaft 27
may be disposed for rotation within the crankcase 26 and
operates to reduce vibration caused by natural imbalances in
the 3-cylinder V-configured design.

Referring again to the FIGS. 2, 5 and 6, in an exemplary
embodiment the engine cylinders 112 and 116 are disposed
within a first cylinder housing assembly 72 for reciprocation
therein. The third engine cylinder 114 is disposed within a
cylinder housing assembly 118 of engine block 24 for recip-
rocation therein. Due to the adjacent location of the piston
pins 102 and 104 the third cylinder 114 and the cylinder
housing assembly 118 may not be centered with respect to the
first and second cylinders 112 and 116 but may be axially
offset in the direction of piston pin 104. The configuration of
the V-configured 3-cylinder engine 3 allows for the same or a
similar crank set to be used in both the 2 and 3-cylinder
engines 2 and 3, with only a change in the crankshaft con-
figuration; particularly the addition of a third, radially spaced
piston pin 100 since the crankshaft journals 36, 38 and 40 and
associated journal bearings 42, 44 and 46 are of the same
geometry and are similarly located for installation in both the
inline configured 2-cylinder engine 2, and the V-configured
3-cylinder engine 3. Closing the upper end of the first cylinder
housing assembly 72 is a first cylinder head 78 that closes the
open ends of the piston cylinders 112 and 116 and defines
combustion chambers (not shown) with the pistons 106, 110.
Similarly, closing the upper end of the second cylinder hous-
ing assembly 118 is a second cylinder head 120 that closes the
open end of the third piston cylinder 114 and defines a com-
bustion chamber (not shown) with the third piston 108.

In an exemplary embodiment, a low profile intake assem-
bly 80 is configured to conduct combustion air to intake ports
(not shown) of the cylinders 112,114 and 116 for mixture and
combustion with injected fuel (not shown). The intake assem-
bly 80 comprises an intake manifold 122 having an inlet
runner 124 for receiving metered combustion air through a
throttle body 126. The inlet runner 124 fluidly connects with
and delivers combustion air to a central plenum 88 of the
intake manifold 122 where the combustion air is distributed to
intake runners 128, 130, 132, FIG. 7, that are fluidly con-
nected to the combustion chambers of each cylinder 112, 114
and 116. The combustion air enters each cylinder, is mixed
with fuel injected from fuel injectors 92 connected to a fuel
system (not shown) and is combusted therein. A second
exhaust manifold 134 is also fluidly connected with the cyl-
inder head 120 and is configured to remove combustion by-
products from the combustion chamber of the third cylinder
114. The combustion by-products flow through an exhaust
system conduit 136 that is configured to receive the combus-
tion by-products from the second exhaust manifold 134 and to
conduct the exhaust gas through the exhaust system conduit
136 where it is delivered to various exhaust gas after treat-
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ment devices, such as the close-coupled catalytic converter
138, for oxidation, reduction or other conversion of regulated
exhaust gas constituents of the combustion by-products prior
to their release to the atmosphere.

In an exemplary embodiment, and referring to the inline
configured 2 cylinder engine 2, FIG. 1, the angling of the
upper end 18 of engine block assembly 12 facilitates the
angling or laying back of the first cylinder housing assembly
72 for the purposes of packaging the engine 2 in an efficient
manner in a vehicle. In the embodiment illustrated in FIG. 1,
the rearward bank angle § of the first cylinder housing assem-
bly 72 is about 70° from vertical. It is however contemplated
that the rearward bank angle } may vary from about 30° to
about 90° depending upon the particular vehicle configura-
tion and other application driven variables. With such a con-
figuration, the 2-cylinder engine 2 is packageable in virtually
any vehicle platform or configuration.

In another exemplary embodiment, and referring to the
V-configured 3 cylinder engine 3, FIGS. 2 and 5, the engine
cylinder 114 of the second cylinder housing assembly 118 is
preferably oriented at an angle “y” that is about 90 degrees
from the two inline cylinders 112, 116 of the first cylinder
housing assembly 72, respectively. It is however contem-
plated that the angle “y” may vary from about 25° to about
115°, again depending upon the particular vehicle configura-
tion and other application driven variables. Such an orienta-
tion, as is illustrated in FIGS. 2 and 7 will allow the V-con-
figured 3-cylinder engine 3 to maintain the low profile
achieved by the inline 2-cylinder engine 2 while providing
extra power that may be required for certain applications. The
single, relatively upright oriented single engine cylinder 114
of the second cylinder housing assembly 118 is small and
relatively centrally located so as to partially package in a
portion of a vehicle tunnel resulting in the same vehicle
packaging and interior space benefits that are realized with
the inline 2-cylinder engine 2 described above.

While the invention has been described with reference to
exemplary embodiments, it will be understood by those
skilled in the art that various changes may be made and
equivalents may be substituted for elements thereof without
departing from the scope of the invention. In addition, many
modifications may be made to adapt a particular situation or
material to the teachings of the invention without departing
from the essential scope thereof. Therefore, it is intended that
the invention not be limited to the particular embodiments
disclosed, but that the invention will include all embodiments
falling within the scope of the present application.

What is claimed is:
1. A common family internal combustion engine, compris-
ing:

an engine block assembly having a substantially horizon-
tally disposed lower end defining a lower end interface
closed by an oil pan and an angled upper end defining an
angled upper end interface extending at an angle « rela-
tive to the lower end interface from a rear of the engine
block assembly to a front thereof, the angled upper end
interface and the lower end interface intersecting at said
rear of the engine block assembly;

an engine block mated to the engine block assembly at the
angled upper end interface and thereby closing the
angled upper end of the engine block assembly such that
the engine block assembly and the oil pan and the engine
block together define a crankcase that is configured to
house a crankshaft for rotation about a crankshaft axis,
the crankshaft further comprising three crankshaft jour-
nals supported by journal bearings for rotation about the
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6
crankshaft axis, the crankshaft axis being disposed at the
angled upper end of the engine block assembly;

first and second piston pins and associated first and second
piston/rod assemblies disposed in piston cylinders of a
first cylinder housing assembly; and

a cylinder head configured to close open ends of the piston
cylinders to thereby define combustion chambers with
the first and second piston/rod assemblies, the first cyl-
inder housing assembly reclined from vertical, towards
the rear of the engine block, about the crankshaft axis by
an angle f relative to vertical.

2. The common family internal combustion engine of
claim 1, wherein the first and second piston pins are located in
the same radial position on the crankshaft and are spaced
longitudinally to define a firing interval of 360 degrees.

3. The common family internal combustion engine of
claim 1, wherein the angle o is within the range of about 0
degrees to about 45 degrees.

4. The common family internal combustion engine of
claim 3, wherein the angle « is within the range of about 45
degrees.

5. The common family internal combustion engine of
claim 1, wherein the angle a is within the range of about 30
degrees to about 90 degrees.

6. The common family internal combustion engine of
claim 5, wherein the angle { is at least as great as the angle c.

7. The common family internal combustion engine of
claim 1, the crankshaft further comprising:

a third piston pin and associated piston/rod assembly dis-
posed in a piston cylinder of a second cylinder housing
assembly wherein the third piston pin is disposed adja-
cent to one of the first or second piston pins and between
two crankshaft journals; and

a second cylinder head configured to close an open end of
the third piston cylinder to thereby define a combustion
chamber with the third piston/rod assembly, the second
cylinder housing assembly oriented an angle y, about the
crankshaft axis, from the first cylinder housing assem-
bly.

8. The common family internal combustion engine of
claim 7, wherein the three crankshaft journals and associated
journal bearings are of the same geometry and are similarly
located for installation in both the inline configured 2-cylin-
der engine and the V-configured 3-cylinder engine.

9. The common family internal combustion engine of
claim 7, wherein the third piston pin is located about 180
degrees radially from first and second piston pins to define a
firing interval of 240 degrees.

10. The common family internal combustion engine of
claim 7, wherein the third piston cylinder is not axially cen-
tered with respect to the first and second cylinders.

11. The common family internal combustion engine of
claim 7, wherein the angle y is within the range of about 25
degrees to about 115 degrees.

12. The common family internal combustion engine of
claim 11, wherein the angle y is within the range of about 90
degrees.

13. An internal combustion engine family having an inline
2-cylinder engine and a V-configured 3-cylinder engine, the
inline 2-cylinder engine comprising:

an engine block assembly having a substantially horizon-
tally disposed lower end defining a lower end interface
closed by an oil pan and an angled upper end defining an
angled upper end interface extending at an angle . rela-
tive to the lower end interface from a rear of the engine
block assembly to a front thereof, the angled upper end
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interface and the lower end interface intersecting at said
rear of the engine block assembly;

an engine block mated to the engine block assembly at the
angled upper end interface and thereby closing the
angled upper end of the engine block assembly;

such that the engine block assembly and the oil pan and the
engine block together define a crankcase that is config-
ured to house a crankshaft for rotation about a crankshatft
axis, the crankshaft further comprising:

three crankshaft journals supported by journal bearings
for rotation about the crankshaft axis, the crankshaft
axis being disposed at the angled upper end of the
engine block assembly;

first and second piston pins associated with first and
second piston/rod assemblies for disposition in piston
cylinders of a first cylinder housing assembly wherein
the first and second piston pins are spaced longitudi-
nally;

a cylinder head configured to close open ends of the
piston cylinders of the first cylinder housing assembly
to thereby define combustion chambers with the first
and second piston/rod assemblies, the first cylinder
housing assembly reclined from vertical, towards the
rear of the engine block, about the crankshaft axis by
an angle f relative to vertical; and

the V-configured 3-cylinder engine comprising:

a third piston pin and associated piston/rod assembly
disposed in a piston cylinder of a second cylinder
housing assembly wherein the third piston pin is
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disposed adjacent to one of the first or second pis-
ton pins and between two crankshaft journals; and

a second cylinder head configured to close an open
end of the third piston cylinder of the second cyl-
inder housing assembly to thereby define a com-
bustion chamber with the third piston/rod assem-
bly, the second cylinder housing assembly oriented
at an angle vy, about the crankshaft axis relative to
the first cylinder housing assembly.

14. The internal combustion engine family of claim 13,
wherein the three crankshaft journals and associated journal
bearings are of the same geometry and are similarly located
for installation in both the inline configured 2-cylinder engine
and the V-configured 3-cylinder engine.

15. The internal combustion engine family of claim 13,
wherein the angle a is within the range of about 0 degrees to
about 45 degrees.

16. The internal combustion engine family of claim 15,
wherein the angle o is within the range of about 45 degrees.

17. The internal combustion engine family of claim 13,
wherein the angle 3 is within the range of about 30 degrees to
about 90 degrees.

18. The internal combustion engine family of claim 17,
wherein the angle f is at least as great as the angle a.

19. The internal combustion engine family of claim 13,
wherein the angle y is within the range of about 30 degrees to
about 90 degrees.

20. The internal combustion engine family of claim 19,
wherein the angle v is within the range of about 90 degrees.
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